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A STUDY OF SPEED FACTORS IN TESTS AND ACADEMIC GRADES#*

Abstract

Speeded and unspeeded tests of vocabulary, spatial relaticns, and
arithmetic reasoning were factorially analyzed, together with certain
reference tests and academic grades. Lawley's maximum-likelihood method
was used, the computations being carried out on the Whirlwind electronic
computer. Four different speed factors were isolated, together with a
second-order general speed factor. Consistent small positive correlations

betwsen tke academic grades and the speed factors were found.

*Thn writer 1s indebted to Dr. John French, to Dr. David Saunders, and very
especially to I'x, Ledyard R Tucker for helpful suggestions and theoretical
advice throughout the course cf this study. The active cooperation of
Dr. William Shields, Educational Advisor, and of many others at the United
States Naval Academy at Annapolis has been invaluable.
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A STUDY OF SPEED FACTORS IN TESTS AND ACADEMIC GRADES

The speed with which an examinee rasponds to the items in a test is an
ability or characteristic of the examinee that frequently affects his test
score. Almost all published achievement and aptitude tests are to some
extent measures of "speed" for at least some of the examinees. Tests
specifically designed for factor analysis studies are frequently highly
speeded in view of the necessity for administering many testz in a
limited time.

Much remains to be laarned about the trait, or traits, called "speed,"
in spite of the fact that it ia commonly an element in reported test scores.
Is speed on cognitive tests a unitary trait? Or are there different kinds
of speed corresponding tc different kinds of tasks? Ir the latter case,
how highly correlated with each other are these different kinds of speed?
How highly rorrelated are speed and level on the same task? How do various
criteria, such as course grades relate to speed, and how spesded should
tests designed to predict these criteria be? These are the questions which
the present study attempts to answer, at least with respect to the tests and

éiauineds siudivd.

Some Previous Rasults

Factor analytic studies in the past hav. often isolated a "perceptual-
speed factor,” usually measured by tests requiring simple, rapid visual
discriminations. According to French / 6_/, "This factor is characterized
by the task of [_quicklx;7 finding in a maes of distracting material a

given configuration which is borne in mind during the search.” Any speed
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test composed entirely of very easy items is likely to have a loading on
this factor. A more recent publication / 7_/ breaks down "perceptual speed”
into at least two factors, "speed of symbol discrimination” and "form per-
ception,"” the former relating to familiar symbols, the latter to unfamiliar
figures.

Jther factors obviously related to speed, identified by French 176_7 in
more than one published study, include finger dexterity, fluency of expres-
sion, ideational fluency, reaction time, speed of association, speed of Judg-

ment, tapping, word fiuency. Speed of closure and motor speoed are included

in [ 7_7. Rimoldi /20 7 finds a "speed of judgment,” a "speed of cognition,”

and a second-order "personal tempo" factor; but in his study, as in that of
many earlier workers, the subjects wvere asked to work on their tests end
tasks at a "natural, congenial" speed rather than at the maximal speed
required in most actual testing situations.

Since so many oi the tests used iIn factor analytic studies are speeded,
many of the factors obtained are actually speed factors, although not always
explicitly described as such. An important example of this is the "number"
factor, which is commonly measured by highly speeded tests of addition, sub-
traction, multiplication, and division. As a reminder of its true nature,

this factor will here be referred to as the number-speed factor.

In spite of the presence of both speeded and unspeeded tests in most
factor analysis batteries, it has not been exactly customary for the analyst
to find a general intellectual speed factor. Factorial studiez specially
designed tc investigate the existence of both general and specific speed
factors in mental test tatteries have besn limited ir anuxmber and have
yielded some seemingly conflicting wvidence.

DuBois /[ 4_/, using tetrad and triad analysis, found a speel fector

common to speeded arithmetic, vocabulary, analogies, directions, and space
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tests; all his test items were chosen so as to be extremely easy, however.
Sutherland 172;47 ,» also using tetrad analysis, found no general speed factor
in a variety of speeded tasks at different difficulty levels selected from
various intelligence tests. 4yers / 18.7 analyzed the scores on differently
speeded, but otherwise paralicl, parts ot a nonverbal reasoning test and
found two orthogonal factors, one for speed and one for level.

Tate /22 7 , using a carefully controlled, complex analysis of vari-
ance design, clearly demonstrated the existence of a general speed factor
common to rate-of-work scores on arithmetic-reasoning, number-series, sen-
tence-completion, and spatial-relations items. He also obtained indications
of speed factors specific to each of these types of items. Rate of work
wvas found to be uncorrelated with independent measures of "altitude" in the
ability measured.

Davidson and Carroll /3 7 obtained and factor-analyzed time-limit,
work-1limit (level), and rate-of-work scores on the foliowing tests: Letter
Grouping, Scattered X's, Phrase Completion, Disarranged Morphemes, para-

graph reading, and the c¢ight subtests of the Revised Alphea Examination. The

Scattered X's test, which is a measure of perceptual speed, was found to
have so 1little correlation with al]l other measures that it was dropped from
the analysis. They found a reasoning-speed factor (as well as a reasoning-
level factor) and also a "general speed factor” involving nearly all of the
rate-of -work scores. In spite of the presence of several typically verbal
tests, they did not find 2 clear-cut verbal factor.

Mahan 1717;7 administered three differently speeded tests for each of
the following five factors: verbal, numerical, spatial, perceptual speed,
inductive reasoning. By the multiple-group method he then extracted five
factors corresponding to the five tyres of tests. No speed factorifas

found. The foregocing procedure was independently carried through once with
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moderately and highly speeded tests and once with moderately spseded and
unspeeded tests. The five factors obtained in the two situations were found

to dii'fer somewhat from each other.

For further discussion of "speed factors,” the reader is referred to a
discussion by Vernon [72&, PP, 80-85_7 and to the 33 references listed by

Goheen and Kavruck /8 /.

Data for the Present Study

The Subjects

All measures used in this study were obtained on 649 students in the
entering cluss at the United Statds Naval Academy at Annapolis. This unus-
ually large number of cases wag secured with a view toward cbtaining clearly

irterpretable factorial resulis.

The Tests

The study centers around tests of the verbal factor, of spaticl ability,
and of arithmetic reasoning. ‘This choice was made because of the widespread
use of tests in these three areas for actual selectdon and guidance. Almost
all entering students at Annapolis take an admissions battery that includes
tests in these three areas.

In each of these three areas, seven tests were administered to the
examinees. One of these was the regular admissions examination, which will
be denoted by the letter A, administered to applicants before admission.

The admissions tests are only slightly speeded. The remaining six were
short experimental tests administered at the beginning of the school year.
These six tosts were constructed so as to be wholly perallel to sach other

nteny, bul daiiforoni in dsgree of speadedness. Two of the six tests

o miew gy . i g b - _
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were "level" tests, to be denoted by L, involving virtually n~ speed at all.
One of the six tests was moderately speeded (M). The remaining three tests
were highlv speeded (§). In order to confound practice effect insofar as
possible, the tests were administered in scrambled order, as follows:
ISMSIS. In advance of taking each test, the examinee was told the degree
of speededness that would be required by the time allowance given.

81z reference-factor tests (nunber, perceptual speed, word fluency)
were administered at the beginning of the school year in addition to the
foregoing. These are designated by the letter R. A more completc descrip-
tion of the tests follows.

1. Word Fluency (R). The exeminoe is instructed to write down as

_many words and their opposites as he can in four ninutes. This test was
included so as to determine its relation to the verbal factor and to the
verbal-speed factor, if the latter were actually fcund to exist.

2. Verbal (A). This test contafned both word-analogies items wunéd

"double-definitions"” items. The latter item type is essentially a sentence
with two &issing worls which the exami.iee must select from alternative pairs
of words provided, thus producing a completed sentence that is a aimplé
definition of one of the missing words.

3,4, Vocabulary (L). These tests require the examinee to find among

the choices a word opposite in meaning to the given key word. Also 5. Vocab-

ulary (M) and 6,7,8. Vocabulary (S). (9. _Vocabulary (LIA) is merely the

"last-item-attempted score” on test 7.)

10, Spatial Relations (A) contained both block-counting and "identicai-

blocks' items. The latter requires the examinee to indicate which of five
drawings represents a key block drawn from a different angle.

i1,12. Intersections (L). These tests consist of a type of spatial

relations item requiring the examinee to visualize the two-dimensional outline
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of the intersection of & 80lid geometric object cut by a plane. Aleo

13, Intersections (M) and 14,15,16. Intersections (8). (17. Intersections

(LIA) 1s merely the "last-item-attempted score" on test 15.)

1@. Mathematics (A) 1s composed of arithmetic reasoning, algebra, end

geomstry items.

19,20, Arithmetic Reasoning (L) consist entirely of the usual arith-

metic-reasoning items. Alsc 21. Arithmetic Reasoning (M) and 22,23,2h.

Arithmetic Reasoning (S). {(25. Arithmetic Reasoning (LIA) is merely the

"ast-item-attempted score” on test 23.)

26,27, Number Speed (R) are typical referencs tests for the number-

speed factor. 26 is a *est of addition and division; 27 is a test of sub-
traction and multiplication. Both are highly speeded tesis invoiving only

very easy computations.

28,29,30. Percaptual Speed (R) are typical reference tests for the

perceptual-speed factor. 28. Cancellation requires the examinee to cross

out as many letter A's in a paragraph as he can in two minutes. 29. Picture

Discrimination requires him to indicate which of three very sk .tchily drawn

faces is different from the cther two. 30. Number Checkxing requires him to

indicate whether two multi-digit numbers are the same or different.

Table I summarizes the background information about the "experimental"
tests and shows the proportion of examinees who answered the last item in
each test. It 1is apparent tha@ the speeded tests were in fact very highly
speeded, as intended. Actually, there is reason to believe that many or all
of the examinses who answered the last item of the speeded tests could have

done so only by skipping many items or by responding to them at random.

e e e e ———



Table 1

Background Information and Data
. on Speededness for the "Experimental" Tests

| Speed- Number Test- 1Items Per gent* of

Tests CANHE of ing per Exaniinees

Items Time  Hour Finishing
3,4 Vocabulary L 15 T 129 97
5 " M 30 5 360 il
6,7,8 n S o) 5 900 2
11,12 Intersections L 15 20 45 98
1% " M 20 12 100 75
14,15,16 " S 35 9 233 1
19,20 Arithmetic Reasoning L 10 20 30 oL
21 B " M 15 15 60 50
' 22,232k " " S 50 10 180 4

*
The mean of two values in the case of the level tests, of three in tne

case of the speed tests.
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Scoring
The three admissions tests are composed of multiple-choice items having

five (in a few casss, eight) alternative responses. The score obtained for
each test was the number of items answered correctly, this being the standard
procedure for scoring the admissions examinations.

The eighteen experimental vocabulary, intersections, and arithmetic
reasoning tests were all composed of fivo-al@ernative multiple-choice items
and were scored number-right minus ons-fourth-number-wrong. It was felt
necessary to make this "correction for guessing” in order that any speed
factor that might be found should not be open to the challenge that it was
merely a willingness-to-guess-wildly factor. It would, of course, have been
wrong to include both corrected and uncorrected sccres on the same test in
a straightforward factor analysis, because of their axperimental dependence.
Some further iﬁvastigation of the effect of the corrsction for guessing was
nevertheless planned. For this purpose, number-right (NR) scores were ohtained
for tests 7, 15, and 23, these new scores being designated as variables 37,
38, and 39.

The score on each of the six referencs tests was taken to be the number
of right answers. This method of scoring was used simply beczuse this 1is
the usual method for scoring these tests. If they were scored in any other
vay, they might no longer represent the same refereace factors.

In addition to the regular score already mentioned, a "last-item-attempted
score” (LIA) was obtainec for one speeded test in each of the three areas,
as noted in the preceding section. The LIA score is simply the serial number
of the last item to which the examinee responded. This score is a crude

measure of rate-of-work. It vvas considered to be highly desirable tc include

. -



such sccres in the present study, although in general the study is primarily
concerned with the type of scores ﬁormally used in practical work with
aptitude tests. The statistical method used to deal with the experimental
dependence of these scores and of the NKR scores on the other scores obtained

from the gsame tests will be outlined in a later section.

School Grades

During their first year, all entering students at Annapolis normally
receive grades in each of the following:

31. English Composition eud Litersturs,

32. Foreign Language. (Each student selects one out of the several
available foreign languages.)

33. Engineering Drawing and Descriptive Geometry.

34, Chemistry.

35, Mathematics. (Plane trigonometry, college algebra, plane and
solid analytic geometry, and calculus.)

36.  Conduct. (The method by which grades in conduct are assigned need
not concern us here, since no factor loadings of interest were fourd
for this variable.)

In the present study, each grade is a numerical grade averaged over two
semesters. Each course grade for each semester represents a combination of
day-to-day course work and final-examination performance weighted in the
ratio of three-to-two. It may be noted that the instructors could not
poseibly have had knowledge of any of their student~' test scores, with the
possible exception of the three admissions tests.

The final examinations were virtually totally unspeeded, almost every

student finishing in the time allowed. The day-to-day work in class was of

raried kinds but was not in general compulsorily spreeded. It is not known

vhether students felt pressed for time while dcing their homework assignments.

— - - a— s e et e et
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Statistical Anseliysis

Norwalizirng

All variables used in the present study were normalized before computing
Pearson product-moment correlations. This was considered desirsble since
otherwise any speed factors that might be found might conceivably have been
attributable to certain common features in the shape of the score distribution
of the speeded tests (e.g., skewness), rather than to the existence of a real

speed factor.

The Correlations

The use of product-moment correlations, rather than tetrachoric correl-
ations, 1is requiréd for the significance tests to be described later. The
matrix of the correlations is presented as Table 2. Variables 9, 17, 25,
37, 38, and 39 are experimentally dependent on variables 7, 15, and 23.

Ths coassgusnt spurinusly hich correlations are placed in parsinthssss in the
table. Variables 9, 17, 25, 37, 38, and 39 were not used in the factor-

extraction process for this reason.

Lawlev'e Maximum Likelihood Method of Factor Aralysis

Factors vers extracted by the ms~imum-likelihood method developed by
iawley. Since this extremsly important method has not often been mentioned
in the litersture in this country, and since this method or a modification
of it is likely to become widely used in the near future, it will be worth-
while to 1ist some of the available references. The basic development of
the method was given in 1712;7. Extensions and further developments appeared

in [713, 15, 1, 2, and 23;7. (A maxinum-1ikelihood Method II, avoiding the

Sy - - o v e M e e
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asgumption of rmultivariate normality, was developed by Lawley in 1715;7.
This second method will rot be considered further here, since the usual
optimum propsrtiea of maximum likelihood estimates do not appear to hold in
the situation under consideration zfl, 11:7. Whittle [—25_7 derived a rela-
tivaly simple and satisfactory solution for a similar situation in the
special case where the variasbles are of known reliability.) Henrysson [qu;7
reported an empirical sampling study supporting Lawley's test of significance.
Bart.ett [71, 2_7 gave a significance teat that is presumably superior to
Lavley's whenever the number of examiness is not large compared to the
number of variables. Some recent and interesting papers (in Englisn) by
Bartlett, lLawley, and others have appeared in jfé6;7. Very recently Rao
1719;7 discussed the basic differences between Hotelling's principal-component
analysis and common-factor analysis and described further developments
related to those of Lawley.
lawley's maximm-likelihood method of factor analysis and Thurstonq's
7old methed of analysir are both concerned with estimating common-factor
loadings, specific-factor variance being systematically set aside. Certain
characterlstics of the maximum-likelihood method may be 1istad briefly:

1. The nuvudber of common factors is tentatively hypothesized in advance.

2. Tke procedure in effect determines the population correlation m~trix,
havivg ths hypothesized rank, for which the 1ikelihood cf cccurrence of the
cvserved sample in the course of random sampling is a maximm. The matrix
of factor loadings exactly reproducing this matrix of population correla-
tice cosfficiexts is the basic result obtaired by the maximum-l1ikelihood
pethod. The result is obtainsd by iterative computational prozedures.

3. The usual matrix of residuals is computed; & rigorcus large-sample

significance test is made to determine whethe:r or not the residuals may
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plausibly be attributed soliely to sempling fluctuations in the correlation
coefficients.

4, It the residuals are statistically significant, the research worker
repeats the foregoing process, starting with different tentative hypotheses
as to the number of common factors required to explain the data, until he is
ready finally to accept one of them.

S. The usual problem of estimating the commumalities ceases to be a
serious cause for concern, eince the maximum-likelihood éstimates of the
communalities are one of ths outcomes of the procedure.

The practical application of the maximum-likelihood method 1s discussed
in /5, 16, 14 /. Until now, the method has not beenapplied to other than
very small correlation matrices becuase of the large amount of computations
requirsd. From a computational point of view, lLawley's method can be described
esssntially as equivalent to the task of findiné the latent roots and vactdré

of a wodified correlation matrix, the correlations being modified by dividing

them by a simple function of the unkncwn latent vectors.

Extraction of Factors

The application of Lawley's method tc the actual data was carried out on
Whirlwind I*, a high-speed digital electronic computer. The computing program
v2B written by the author with a view to minimizing the use of computer time
80 as to be prepared in case conVergence proved to be so clow as to require
hundreds of iterations. A single iteration with this program required roughly

12 se.onds, the time varying scmewhat with the number ( m ) of factors hypothesized.

*Whirlwind I is sponsored by the Office of Naval Research. The author wishes
to express his appreciation to Dr. P. Youtz amnd Dr. C. W. Adams tor the oppor-
tunity to use this computer and to Dr. H. Deaman for his help in programming
&nd in putting the program orn the computer.
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The original hypothesis of the author suggested that m should bo at
least 9 for the 33-variable matrix analyzed. However, it was found that
application of lawley's method to the initial set of trial values selected
for iteration falled because the computations generaied imaginery numbers.
It became apparent that extremely closs init’al approximations to the solu-
tion were necessary whenever m was at all large if fallure of the procedure
wvas to be avoided.

The problem was dealt with as follows. Computations were first carried
cut on the assumption that m= 4 ., Initial trial values of the factor
loadings were arbitrary except that (a) calculated loadings on the first
centroid factor were used for the first colurmn of the trial values, (v}
the remaining trial values were selected so that the sum of squares of the
trial values for any one variable was equal to the highest correlation
between that variable and any other variable. When the iterations were
successfully completed for m = L , the resulting estimsites of the factor
loadings were used as the first four columms of tkhe triel values needed to
start the iterations with m = 5 ; the fifth column of these trial values
was set up in accordarce with informed guesses based on a survey of the
matrix of residuals. The trisl values for m = 6 were set up in the pame
w2y from the results obtained with m= 5 , and so forth. In every case
after m =4 , the initial trial values, except for the last columm, proved
to be clcse approximations to the final factor loadings. No further imsgi-
nary numbers were encountered under this procedure.

The matrix of residuals obtained with sach value of m was tested for
significance by means of lLawley's chi-square test. Information egbout the.
progress of the computations and about the chi-square significance tests is
given in Table 3. Although arguments cculd be advanced for extracting an
eleventh factor, it was finally decided to stop when just ten factors had been

exiractad.

= i
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Table 3

Tests of Significance and Other Information According

to the Number ( m ) of Factors Hypothesized

Number of Nvmbef of Sum of Chi-Square Degrees of Probability
Factors Iterations Freedom
Hypothesized  Required for gatent galculated for gfvel for
(m) Convérgence oots rom Residuals Chi-Square ni-Square
&) 22 69 893 373 < .01
6 23 (& 662 345 < .01
T 28 78 530 %18 < .01
& 26 8o 436 292 < .01
9 25 83 357 267 < .01
=0 . 88 284 243 .07
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The orthogonal unrotated matrix of the maximum-likelihood estimates of
the factor loadings 1s given in Tahle 4. The communality for each test and
the latent root for each factor are also sbown. ZEach latent root is the
wolghted sum of the squares of the lo&diugs on the corresponding factor, the

wéight for the squared loading of each test being the reciprocal of the

uniqueness of thst test.

Estimation of Unrotated Factor loadings

The six variables in Table 4 with loadings enclossd in parentheeses were
not included in the 33-variable correlation matrix from which the factors
were extracted, as already msntioned. The loadings in parentheses were
estimated by the mesthod briefly outlined in the following paragraphs.

The usual factor equation, R = F F' (& is used to indicate approxi-

mate equality), may be written

-;%-
—J

r [
. [ ¢

P ) G (1)

R

vhere P 18 the 33-variable matrix of correlations used for extracting the
factors, Q 1is the matrix of the correlations of these thirty-three variables
with the six variables that were omitted from P , S 18 the matrix of the
intercorrelations of these six variables, G is the matrix of the factor

loadings of the thirty-three variables and H 18 the matrix of the facior

A o et T STl g L5 4 e oL




Table &4

Unrotated Factor Coefficients
(decimal points omitted)

Variable
¥o. I II  III
1 3l 16 09
2 65 51 -25
3 56 51 -24
N 61 ke .25
5 60 55 =24
6 66 ke -16
7 68 59 -15
8 a7 56 -12
9 (48) (34) (11)
10 kg -36 .16
11 57 -52 .22
12 55 =59 =26
13 60 -58 -29
1k 60 -57 -26
15 58 61 -3
16 60 -61 -24
17 (30) (-24) (-12)
18 62 02 -
19 59 =07 16.
20 59 =07 23
21 62 -02 17
22 64 .02 23
23 63 -05 2
2y 61 ol oh
25 (39) (o4) (21)
a6 2i 12 52
27 28 10 55
28 26 03 25
29 3 -09 08
30 13 oh L3
31 58 39 12
32 38 oL 34
33 64 - 10
3 62 -15 48
35 60 -20 €2
36 05 -9 15
37 (66) (57g (-11)
38 (57) (-58) (-29)
39 (64) (-0k) (23)
Iatent

Roots:

4o.92 21.90 11.28

(-0%
&

{3

-0k
-10
-0k
-03
-0k

00
(06)

11
-03
-03
-01

(03

(o7)

38
22
2y

37
43
33

39
(19)
26
38

05
09
09

-28
-32
-26
-35

-28 -

-05

(32

5.10 4.09 1.3k

v

17
=T
-10
-12
-07

13

17

19
(38) (
01
=02
02
-02

10
11

11
(25) (
s
-31
-29
-27
-13
-1k

-11
(16) (

39
32

L2
L8
)

-09
-03

o7
-12
-05

~05

(i)

(-o7) (

Vi

08
18
12
08
14
=10
-09
-19
-11)

02
11
10
-01
01
0l

0l
-05)

02
-06
-01
-06
-11
-11
-05
-0h4)

ez
21

02
00

09

14
1k
-11
-05

T =01

-11

-07)
(o1)
-09)

VII VIII IX
-0 -0O4 -0O7
01 12 10
12 o4 -06
-05 00 -12
05 ok 12
00 01 -02
obh .02 -0L
01 -06 01
(03) (-ok) (02)
-14 05 13
-02 02 -15
<11 -02 -03
-07T -03 -03
06 -03 -0
12 -02 02
08 -05 03
(28) (-02) (05)
-Oh 1k 00
-0% 03 -10
oh 0 -13
=12 oc -08
-02 -08 08
02 03 -01
-01 -06 06
(11) (03) (08)
06 -08 (01:)
00 -13 06
-11 13 -12
-14 26 -01
-09 19 -14
-24 .19 -08
-06 -21 01
-22 08 15
02 01 03
13 ok -01
-20 -10 15
(oa; (-02) (-01)
(1%) (-02) (02)

(02) (ck) (o2)

1.08 0.8% 0.65

- e

X

nn

. =02
-03
-02

-0k

-12

=05
(-31)

Cl
=12
12
-Oi
02
=11
-0l
(-13)

0l
09

-02
-09

-11

Commu -
nality

192
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loadings of the six v;riables. Assuming that the entire matrix, R , has the
same common factors as does P , it follows that G 18 the matrix of factor
loadings obtained by analyzdng P . H can then be determined from the
equations:

G'=Q (2)

s . (3)

A~

HH'

Since equations 1 and 2 never hold exactly in practice, (2) represents
an inconsistent set of simultaneous linear equations, there being more
equations thar. unknowns. In practice, equation 3 is totally ignored. A
least-squares (but not a raximum likelihood) approximate solution for (2)
can be obtained [?9;7 by postmultiplying both sides by G(G'G)-l ., the
result being

H=Q'e(ce)l . (%)

It seemed more appropriate, however, and also computationally easier,
in the present case where maximum 1ikelihood procedures had been employed,
to postmltiply (2) by S726(6's™%6)"L | 52 being the 33 x 33 dlagonal
matrix whose elements are the uniquenesses of the 33 variables in P . The
result is

H=Q's™26(c's™%)"F . (5)
A rigorous justification for (5) is not immedlately available. Sufficient
Justification for its use is apparent, however, when it is pointed out that
in Lawley's mrthod of analysis G'S-EG i1s the diagonal matrix whose elemsnts
are the latent roots, and further that the basic equation of Lawley's

method can be written

G = (P - 8°)s™%(c's"%) . (6)
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Rotation : {

The rotation of the original factor matrix toward psychologically mean-
ingful oblique factors was carried out with the help of the mairix rotator
at The Adjutait Ceneral's Cffice¥*. Extensive careful final rotetions were
made by desk calculator. Variables 37, 38, and 39 (scores not "corrected
for guessing") were not available and were not used in determining the rota-
tions.

The main guiding prineiple in all rotatione wemse
fulness, as interpreted according to the notions of the writer. The facility
with which rotationa could be made on the matrix rotator encouraged persis-
tence in the ultimately umnsuccsessful attempt to find an arithmstic-reasoning
speed factor. A total of 497 rotations were carried out, each rotation
involving the shift of only one axis.

Table 5 gives the orghogonal projections of the tihirty-nine variables
on the reference ax~: -- frequently referred to as the "loadings on the

rotated factors." Since the term "factor loading” has haan used with verisus

meanings in oblique aralyses, these projections will hereafter be referred to

as "factor coefficients.” Table 6 gives the transformation matrix for rota-
ting Table 4 into Table 5. Tabls 7 gives the intercorrelations among the
primary vect-rs.

If the last factor (or pocsibly the last two factors) is excluded from
consideration, the clarity of the factor structurs in Table 5 is made
apparent by the visually obvious distinction between 2-digit and 1-digit
coefficients. The 1l-digit coefficients may be conveniently dismissed as

insignificant. Each 2-digit coefficient without exception has an obvious

realistic interpretation.

i it e - s g ey repiaries qacrm iy

*The writer wishes tc sxpress his appreciation to Dr. Eubert Brogden and to
Miss Bertha Harper for the opportunity to use the matrix rotator and for
their helpful guidance in its cpsration.




Table 5

Rotated Factor Coefficients
(decimal points and initial zeros omitted)

V s M N P v

I II IIT IV Vv VI

1. 'Word Fluency (R) 25 8 -3 6 T 7T
2. Verval (A) 75 2 3 2 5 -9
3. Vocabulary (L) 67 1 2 -3 3 3
4, " L) 65 4 s -9 7 8
5. " M; 7 2 -7 9 -5 2
6. s S 65 L4 2 -5 2 27
Te " (s) 72 -1 -1 b 2 30
8. " s) . 67 -3 0 -1 -5 39
9. (LIA) 3 1 =3 7 4 26
10. Spatial Relations (A) L 43 5 6 2 -6
11. Intersections EL) -2 63 5 -3 L 2
12. " L) -2 71 -4 5 <4 0
13. " (M) -2 671 3 -0 -7 7T
14, {5) -1 61 o0 0 -2 2
15. i (s) 2 69 -1 = -2 -1 -3
16. % (s) L 68 0 4y 5 1
175 " (LIA) 3 29 -2 o5 2
18. Mathematics (A) 2 -4 50 6 9 -9
19. Arithmetic Reasoning (L) -2 -1 50 -9 9 -5
20. ! " L 4 4 L5 [T O 1
21. " " M -1 0 51 1 7 O
22, " " s 1 2 ko 17T -9 9
23. " " (3) -1 0 46 c &6 2
24, " B! iss 6 -1 38 16 4 3
25. g " LIA) 8 1 16 8 5 2
26. Numbcr Speed (R) 3 1 -3 o 2 -1
27. " " (R) -3 2 3 48 -4 2
28. Cancellation (R) Yy g9 2 0 271 10
29. Picture Discrimination (R) 8 22 1 -5 35 2
30. Number Checking (R) -7 <1 5 2 3% 0
31. English (G) 54 -3 2 1 6 2
32, Foreign Language (G) 20 2 -1 9 -5 -5
33. Eng'g. Draw. & Des. Geom. (G) 6 36 8 8 5 4
34. Chemistry (G) 6 1 26 -8 -1 o0
35. Mathematics (G) -5 2 28 -1 b2
36. Conduct (G) -8 -1 6 2 -3 -1
37. Vocabulary (NR) 70 -1 -3 o 3 28
38. Intersections (NR) -1 AT -2 -1 0 -2

39. Arithmeiic Reasoning (NR) 2 2 k2 2 8 o0

-

P e = R A e ST A W, SR o ] ~e_ ] - TR TIC T iy iy Te P WIS oo, S S,
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0
0
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1
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IT

ITT

VI

VII

VIIT

IT
32k
-561
448

| -036

362
Lo8
002
-189
-ok2

207

TABLE 6

Transformation
IIT IV v
192 020 009
-ok7 008 030
352 129 038
337 295 035
-510 161 167
-k16 525 112
-029 056 -350
357 =497 650
-336 L7k -koo
-223 346 -493

Matrix

—»

VIII
181
-056
ko7
-784

-192

051
090
026
183

-145

~-020
-432
089

-092




n < W =2 0

(&

Correlations
o M
il 111
.14 I
1.0 49
49 1.00
-.08 .29
-.08 -.04
.05 .13
-.02 .03
AT .13
-.01 .09
.20 .19

Table T

between Primary Vectors

N P v ) G
v v vl ViI Vi1l
.00 -.11 -.08 -.os s

-.08 -.08 .05 -.02 A7

.29 -.04 .13 .03 .13

1.00 .71 .56 .28 4o
.71 1.00 .66 .28 o)
.56 .66 1.00 .h4 42
.28 .28 .44 1.00 .12
e Tt RS V=R ¥~ 1.00

-.18 -.31 -.1h -,22 -.12

-.09 .01 .27 .12 .01

e

.C1

.27
.12

1.00
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In most factor analyses it is customary to ignore coefficientu less
than .30 or .20, say, as not reliably different from zero. Standard errors
for individual factor coefficlents have not been computed for the present
study. However, with correlations based on 649 cases, as in the present
study, the standard error of a corrslation coefficient is about .0k for
correlations in the neighborhood of zero and about .01 for correlations in
the neighborhood of .8C. In view of these standard errore, it is to Dbe
erxpected that factor coefficients will have some meaning even in the low

range from .10 Lo .20. This will be seen to be actually the case.

Interpretation of Factcrs

The first three factors of Table 5 correspond to the three aptitude
areas about which the present study is centered. These three factors may
bo considered to be "level" factors, in contrast to the next four, all of
which are spesd factors. The eighth and to a large extent thes ninth are
factors determined by academic grades. The tenth and laat factor seems to
have no simple Interpretation. All these factors will ncw be discussad in

more detail.

Factor I (V) is the verbal factor. In addition to the experimental

vocabulary tests, the following variables have two-digit coefficients for

this factor, as would be sxpected:

2. Vorbal Test (A) v.v v v v v o v o o o o s o o o s o s 15
3l. English Grade . . « ¢« o o « o o s o o s o o o o o
1. Word Flusncy (R) . . 4 ¢ ¢ v ¢ ¢ v o o = o o o o o .25

32. Foreign Language Grade . . . . ¢ ¢ ¢ o ¢ o o o o o & .20




l | .
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Factor II (S) is a space factor. In addition to the experimental inter-
sections tests, the following variables have two-digit coefficlents for this

factor, as would be expected:

10. Spatial Relations (A) . v ¢ ¢« ¢« o ¢ ¢ ¢ o o o o o« o+ A3
3%, :..gineering Drawing and
Descriptive Geometry Grades . . « « « « « « o « & .36

29, Picture Discrimination (R) . « « ¢« v« ¢« v ¢ ¢ ¢ o « & .23

The picture discrimination test is a reference test for the perceptual speed
factor, but the test obviously requires also the ability to perceive and
discriminste spatial patterms.

Factor III (M) is a mathematical-reasoning factor. In additicn to the

experimental arithmetic-reasoning tests, the following variables have two-

digit coefficients for this factor, as would be expected:

18. Mathematics (A) « « & & ¢ ¢ & ¢ ¢ ¢ ¢ o« o o o o o « .50
55 L] mthemt 1c 8 p&de L] L] . * . L L] L] L] L] L] * L] L] . . L] L] 28
3i, Chemistry @rade « « « « ¢ « o ¢ o « o « o o o o o o .26

Factor IV (N) is the number-speed factor, determined by the two reference

tests included for this purpose. The only othsr variables with two-digit
coefficients for this factor are two of the speeded arithmetic-reasoning

; tests, which obviously requirs some speed in numerical operations:

22. Arithmetic-reasoning (speeded) . . . . . . . . . . . .17

24, Arithmetic-reasoning (speeded) . . . « « ¢« « & « . . .16

; Factor V (P) is the parcaptual-speed factor determined by the thrse

reference tests included ror this purpose. No ther variables have two-

! digit coefficisnts for this factor.

BNUUSIE".  C— — By
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Factor VI (v) is clearly the verbal-speed factor that the present

analysis was designed to isolate (if it actually existed) and to study.

-18-

the two-digit coefficients for this factor are listed below:

8.
7.
9.
37.
€.
28.

Vocabulary (speeded) . « . « ¢ ¢ o o o o o o o

Vocabulary {speeded) . . « « « & « o « « o o &

Vocabulary (last item attempted) . . . . . . .

Vocabulary (speeded; number-right scorej . . .

Vocabulary (8peeded) . . « o « o o « o o + o o

Cancellation {B) . ¢ . &+ ¢ o ¢ o« ¢ o o o & o &

A1l

27

.10

The cancellation test is a reference test for the perceptual-speed factor.

The coefficient of .10 for this test on the verbal-speed factor is not large

enough to be of great interest; a positive coefficient might be expected,

hovever, in viéw of the fact that this test requires rapid work with alpha-

betical and verbal symbols.

Factor VII (s) is clearly the gnatisl-ipeed factor that tine present

study wes designed to isolate (4:° it actually existed) and to study.

the two-digit coefficients for this factor are lieted below:

17.

Intersections (last item attempted) . . . . .

Intersections (speeded; number-right score) .

Intersections (speeded) . « « o ¢ o« ¢ ¢ o o o

Intersections (speeded) . . « « « « o o « o o

Intersections (sreeded) . . « o+ « « ¢ ¢ ¢ o ¢ o« o @

Arithmetic Reasoning {laot item attemptel) . . . . .
Aritlmetic Reasoning (speeded; number-right score) .

Arithmetic Reasoning (speeded) . o o « o o » + &

e e e s

All

b9
.32
.30
.23
.20

.20

.13




The fact that all ¢f the speed scores on the arithmetic-reasoning tests have
small positive loadings on the spatial-speed factor i1s consistent with the
fact that the arithmetic-reasoning tests contain a considerable proportion
of simple geometry and other items that involve diagrams and other graphic
iliustrations, these being printed in the test bocklets alongside the items.
Factor VIII (G) 1s an academic-grades factor.
the 8ix academic grades have two-digit coefficients for this factor.
Factor IX (H) appears to be soms sort of verbal-academic-grade factor,

as indicated by its two-digit coefficients, which are as follows:

31.
32.
ho

1.

-19-

English Grade . .

Fora2ign Language Grade .

Vocabulary (18vel) . o ¢ ¢ « o « o o o o o o o « o &

Word Fluency (R) « « « v o « o &

No variables nthar than

Factor X (X) does not suggest any ready interpretation.

coefficients for this bipolar factor are

33.

Engineering Drawing and

Descriptive Geomeiry grade . . . . .

Conduct gredes . .

Spatial Relations (A) . . . « ¢ o « & &

Arithmetic Reasoning (level) . . . . .

Verbal (A) . .

Mathematics grade .

Intersections (level) . . . . . . « . .

Vocabulary (M) . « . ¢« « « « . .

Picture Discrimination (R) . . .

Tvo-digit

.11

.23
.21
.20
-.17
~e12

-012

"011 4
010

.10

- A ¢ i e o st e



The Correlations Among Factors

The correlations among the primary vectors in Table 7 are of paramount
interest. First, i1t should be pointed out that the reference axis for the
verbal factor waz Arbitraerily set approximately orthogonal to the reference
axis for the verbal-speed factor. The reason for doing this was that it
was felt that interpretation would be hindered by a choice of reference
axes that would give the speeded verbal tests zero loadings on the Terbal
factor. For the same reuscn, the spatial-factor axis was set roughly
orthogonal to the spatial-speed axis. In each of these cases; the correla-
tions bhetween the speeded tests and the corresponding level factor are
therefore represented approximately by the factor coefficients of the
speeded tests for the level factor, and not by the corresponding near-zero
corrclation in Table 77

The verbal-factor axis and the academic-graies axis were both set
approximately orthogonal to the axis for the ninth factor. This was done
because the considerable indeterminecy as to the proper position of the
primary vector for the ninth factor required some arbitrary decision to be
made.

The mathematical-reasoning factor shows correlations of .44 and .49
with the verbal and spatial factors, respectively. These correlatiors are
quite reasonable in view of the fact that the arithmetic-reassoning tests
include verbally presented problems, geometry problems, and other graph-
ically presented problems.

The only other correlations as large as these in Table 7 are between
various speed factors In fact, the striking thing about Table 7 is the

consistently positive interccrrelations of the four speed factors that have
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been isolated. In general, these correlate much more kiighly with each other
than they do with the three "level" factors. This result clearly demonstrates

the existence of a second-order general spceG factor.

The Reletion cf Grades to Speed.

The academic-grade factor is seen from Table 7 to be poesitively corre-
jated with all four of the speed factors. The ninth factor, however, which
is determined =maiuly by grades in English and in Foreign Language, has nega-
tive correlations with each of the four speed tests, and also, incidentally,
with the academic-grade factor itself. In order to interpret the reiation
cf course grades to the various speed factors with any degree of clarity,
it 18 necessary to obtain the actual correlations of each of the grades with
‘the primary vectors for each of the speed factors. The correlations of the
course grades with all tsn of the primary vectors is given in Table 8.

With one minor exception, each of the course grades is positively corre-
lated with each of the four speed factors. Although these relationships are
not high, there seems to be conclusive evidence of some positive relation

between grades at Annapolis and speed.

Discussion

No speed factor for the arithmetic-reasoning tests could be isolated,
although the attempt was persis’enily madse. An examination of the factor
loadings indicates certain small systematic differences between the speeded
and the unspeeded arithmetic-reasoning tests. The speeded tests tend to
involve the number-speed factor, the verbal-speed factor, and the spatial-

speed factor to a slightly greater exteni than do the unspseded tests, as

-,
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Table 8

Correlations between Course Grades and Primary Vectors

(decimal points omitted)

English (G)

Foreign Language (G)

Eng'g. Draw. & Des. Geom. (C)
Chemistry (G)

Mathematics (G)
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13
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2L
46
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might reasonably be expected. The picture is somewhat confused by the fact
that test 23 behaves slightly differently from the parallel tests 22 and 2%,
and test 19, from the parallel test 20. It may be that an arithmetic-reason-
ing factor exists in the data but is so very unimportant that it could not
be separated from "noise” in the analysis. It would be interesting to see
1f the extraction of an eleventh factor would have changed this picture.

The results obtained for the last-item-attempted scor.s ure of particu-
lar interest. ¢t will be remembered that these scores were not used to
determine the common-factor space, the reason being that it was desired to
center the present study primarily arcund the usual types of scores such as
are normally used for aptitude te-ics. In spite of the fact that these scores
were not used to determine the common-factor space, it is nevertheless found,
for both the verbal and i{he spatial tesis, that the last-item-attempted score
is a purer measure of the corresponding speed factor than are the corrected-
for-guessing scores on any of the three speeded tests. This is particularly
true for the spatial test, where the last-item-attempted score has a much
higher loading on the spatial-speed factor than on the space factor.

The communalities of the last-item-attempted scores are .519 for verbal,
406 for spatial, and .297 for arithmetic reasoning. The conclusion that
the common-factor space did not. include a ciear-cut dimension for an arith-
metic-reasoning speed factor 1s to some extent substantiated by the very low
communality of the arithmetic-reasoning last-item-attempted score.

It 18 noteworthy that in all three cases the moderately speeded tests
(M) are 1ike the level tests and not like the speeded tests, even though
only 50 to 75 per cent of the examinees responded to the last item on thege
"moderstely” speeded tests.

Variables 37, 38, and 39 -- the number-right scores corresponding to
variables 7, 13, and 23 -- have loadings so similar to the "corrected-for-

guessing” scores on the same tests as to be virtually indistinguishable from
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the latter. It may be noted, however, that in each case the number-right
score has a smaller loading on the level factor for the ability tested than
does the "correctsd-for-guessing" score.

It i1s interesting to note that the word-fluency test had very little
loading on the verbal-creed factor; evon its loading on the verbal factor is
quite small. This test has a vsry low commmality (.192); its reliability
is not known.

The communalitiss of the perceptual-speed tests are lower than those of
most of the other tests. This 1s reflected in the fact that the factor
coefficients that detarmine the perceptual-speed factor are rather small
(.27 to .36). The factor is nevertheless very clearly determined because
all other coefficients for the factor are less than .10.

Cuscvariable with extremely low communality (.127) is the grade for con-
duct. This variable cannot be predicted effectively by any of the teets in
the battery. The remaining academic grades, with the excepfion of English,
all haYe higher loadings on the academic-grade factor than they do on any
of the aptitude tests. T! (s situation clearly shows that the course grades
have a very sizable reliable, and therefcfe thesoretically predictable, vari-
ance over and above that actually predicted by the aptitude tests. Whether
this variance 1s attributable to personality factors or to otﬁer causes

cannot be determined from the present study.

Summary and Conclusions

The present study was designed to investigate the existence and inter-
relations of various spesed factors, and their relation to academic course

grades.
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Speeded and unspeeded, but otherwise parallel, testis of vocabulary,
spatial ability, and arithmetic reasoning were administered to 649 entering
students at the U. 5. Naval Academy et Annapolis. Also inciuded in the
factorial analysis were scores on certaln regular admissions sxaminations,
scores on certain speclally preparsd refsrence tests, and end-of-year course
grades at Annapolis.

Extractiun of factors from the %3-variable correlation matrix was
carried out by lawley's maximum-likelihood method, the calculations baing
done on the Whirlwind, a high-speed electronic computer. Factoring was
continued until, after the extraction of the tenth factor, a significance
test on the matrix of residuals showed them to be no longer statistically
significant.

Rotation to psychologically meaningful oblique axes was carried out with
the help of the matrix rotator at Ths Adjutant Ceneral's Office. The tenth
rotated factcr was found to be difficult or impossible to interpret. With
“his exception, the structure of the factor matrix was found to be so clear
that a ready interpretation existed for every factor coefficient above .10,

As would be expected, three of the factors obtained were verbal,
spatial, and mathematical-reasoning factors. The referernce tests included
in the battery, again as expected, yilelded the usual number-speed factor
(ordinarily called simply the number factor) and the usual perceptual-speed
factor. The academic grades in the battery were found to define not only a
general .cademi-:-grade factor but also what appeared to be a verbal-academic-
grade Tactor. Finally, a verbal-speed ftactor and a spatial-speed factor
were clearly ldentified and distinguished from the number-speed and the

perceptual -speed factors. No arithmetic-reasoning speed factor was isolated.
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The primary vectors for all four speed factors were found to be positively
intarcorrelated with each uvther to such an extent as to demonstrate clearly
the existence of a general speed factor at the second-order level.

All correlations between course grades and the four speed factors,
with one small excsption, were found tc be positive, although not large.

It is to be concluded that speed of various kinds plays some part in the
course grades at Annapolis, and that spsededness in the admissions examina-
tions is to this extent justified. The exact degree of speededness that
will result in the highest validity for the admissions examinations can only
he determined by an exverimental study of the edmissions examinations them-
selves. It would seem, however, that tests that ar: "moderately” speeded,
8o that only 50 to 75 per cent of the examinees respond to the last item,

do not involve the speed fiitors uneeded. Apparently, only very highl

speeded tests involve these factors to a useful extent.




AW

[2]7

L3

[T
[57
L6

[1.7

[87

[97

26~

REFERENCES

Bartlett, M. S. Tests of significance in factor analysis. Brit. J.

Psychol., statist. Sect., 1950, 3, 77-85.

Bartlett, M. S. A further note on tests of significance in factor

analysis. Brit. J. Psychol., statist. Sect., 1951, 4, 1-2.

Davidson, W. M., & Carroil, J. B. OSpeed and level components in time-

limit scores: a factor analysia. Eluc. rsychol. Measurement,

1945, 5, hii-ko7.

Dubois, P. H. A speed factor in mental tests. Arch. of Psychol.,

1932, No. 141, pp.38.

Emmett, W. G. Factor analysis by lawley's method of maximmum likeli-

hood. Brit. J. Psvchol., statist. Sect., 1949, 2, 90-97.

French, J. W. The description of aptitude and achievement tests in

terms of rctated factors. Psychometric Monograph No. 5, 1951.

French, J. W. Selected tests for reference vectors. Princeton:

Educational Testing Service, 1953.

Goheen, H. W., and Kavruck, S. Selected references on teet construc-

tion, mental test theory, and statistics, 1929-1949. Waghington,

D. C. Superintendent of Documents, 1950.

Harrie, C. W. The symmotrical idempotent matrix in factor analysis.

J. exper. Educ. 1951, 19, 238-2L6.




-27-

[ 10/ Henrysson, S. The significance of factor loadings -- lawley's test

examined by artificial samples. Brit. J. Psychol., statist. Sect.,

1950, 3, 159-166.

1711;7 Kendall, M. G. Factor analysis. Part I: Factor analyeis as a

statistical technique. J. roy. statist. Soc., Series B, 1950,

12, 60-73.

[_12;7 lLawley, D. N. The estimation of factor loadinge by the method of

maximum 1ikelihood. Proc. Roy. Soc. Edinburgh, 1940, 60, 64-82,

1T13;7 Lawley, D. N. Further investigations in factor estlmation. Proc.

Roy. Soc. Edinburgh, 1941, 61, 176-185.

jrih_7 Lawley, D. N. The aprlication of the maximum likelihood method to

factor analysis. Brit. J. Psychol., 1943, 33, 172-175.

[15] 1laviey, D. N. Problems in ractor analysis. Proc. Roy. Soc. Edinburgh,

Section A, 1949, 62, 1-6.

1?16;7 Lawley, D. N. The maximum likellhood method or estimating factor

loadinge. In Thomson, G. H. (Ed.). The factorial analvsis of

human ability. {5th Ed.) ILondon: University of London Press,

1951. Pp. 321-329.

Lfl?;7 Mahan, W. W., Jr. The factorlal comparison of five mental abilities
using scores derived from speeded and unspeeded tests. Unpublished

doctor's dissertation, University of Texas, 1953.

[.1&;7 Myers, C. T. The factorial composition and validity of differently

speeded tests. Psychometrika, 1552, 17, 347-352.




[197

[20]

[=21]

[227

[237

L2677

L2577

L267

«-28-

Rao, C. K. Estimation and tests of significance in factor analysis.

Urbana: University of Illinois. (Mimeo.).

Rimoldi, H. J. A. Personal tempo. J. abn. soc. Psychol., 1951, L6,

283-303%.

Sutherland, J. D. The speed factor in intelligent reactions.

Brit. J. Psychcl., 193k, 24 276-294,

Tate, M. W. Individual differences in speed of response in mental

test materials of varying degrees of difficulty. Educ. psyckol.

Measurement, 1948, 8, 353-37k.

Tucker, L. R. A restatement of the equations for lawle:'s maximum

likelihood method of estimating factor loadings. Princeton: Princeton

University, 1953. (Mimeo).

Vernon, P. E. The structure of human abilities. New York: John

Wiley, 1950.

Whittle, P. On principal components and least square methods of

factor analycis. Skandinavisk Aktuarietidskrift, 1952, 35,

223-239.

Uppsala symposium on psychological factor analysis, 17-19 March,

1953. Nordisk Psykologi, 195», Monograph Series No. 3.




i oy s g e -

Y A i S M5 et B A, S e bt

rmed Services Technical Information ﬂuency

Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED

YOUR PURPOSE so that it may be made availablec to other requesters, Your cooperation
will be appreciated.

B
%
y
g

R

id.

L

NOTICE: WHEN GOVERNMENT OR QTHER DRAWINGS. SPECIFICATIONS OR GTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAV E FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OfrHER DATA IS NOT TO BE REGARDED BY

4 IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER CR ANY OTHER

"] PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY RE RELATED THERETO.

Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, 0Ki0

INCL /

o

K%
#5S

A

i




	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043

